###### Strengths and limitations of this study

-   This study uses electronic medical record (EMR) data to elucidate how myelodysplastic syndromes is treated in a more representative population than those included in clinical trials.

-   Data analysed came from \>100 million patient records from \>1300 installations across 49 US states, both from single-physician offices, as well as large practices and networks.

-   Procedures occurring outside the EMR system, such as transfusions, are often unrecorded in the EMR database; therefore, transfusions were excluded from the analysis.

-   Information on International Prognostic Scoring System (IPSS) risk category and key variables used to calculate IPSS scores, such as cytogenetic profile and blast count, were unavailable.

Introduction {#s1}
============

Myelodysplastic syndromes (MDS) are a heterogeneous group of haematological malignancies, characterised by ineffective haematopoiesis leading to cytopenias, particularly anaemia.[@R1] MDS primarily affects older adults, with a median age at diagnosis of 65--70 years.[@R1] With median survival times ranging between 4 months for the highest-risk group and 6 years for the lowest-risk group, MDS has a variable but often poor prognosis.[@R1]

In the USA, the treatment of MDS changed between 2004 and 2006, as the US Food and Drug Administration provided regulatory approval for three disease-modifying agents---lenalidomide (LEN) and the hypomethylating agents (HMAs) azacitidine and decitabine.[@R3] Initial approvals were based on clinical trials that demonstrated the efficacy and safety of LEN in patients with red blood cell (RBC) transfusion-dependent lower-risk MDS and a deletion of chromosome 5q \[del(5q)\],[@R4] and that HMAs induced complete responses and delayed disease progression in some patients with higher-risk MDS.[@R5] However, as only a select group of patients with MDS is eligible for clinical trials, the results from clinical trials may not be translatable to clinical practice in the USA, outside the context of a trial.[@R7] For example, typically, elderly patients with MDS have significant comorbidities that may exclude them from clinical trial participation and may also limit treatment options in clinical practice.

Little is known about current treatment patterns for patients with MDS with regard to use of available therapeutic options.[@R9] Analyses of practice patterns outside the context of a clinical trial have been limited by the difficulty of accurately selecting and analysing patients. Underdiagnosis, incomplete reporting to registries and coding errors limit the value of population-based registries, whereas claims databases may be more accurate, but do not routinely include clinical information.[@R2]

Electronic medical record (EMR) databases are able to provide information on practice patterns in a real-world setting. EMR databases include data that are not available in claims databases, such as laboratory results, condition severity and off-prescription drug use. The GE Centricity EMR Database (GE Healthcare IT, Princeton, New Jersey, USA), established in 1985, contains anonymised clinical practice records from 1994 onwards and is compliant with the US 1996 Health Insurance Portability and Accountability Act.[@R11]

We developed an algorithm to identify a cohort of 5162 patients with MDS from the GE Centricity EMR database; baseline characteristics for this cohort were previously shown to be similar to patients in the well-established population-based Surveillance, Epidemiology and End Results (SEER) programme.[@R12] The algorithm-identified EMR cohort was used to evaluate treatment patterns and ascertain patient characteristics that affect the time to disease-modifying therapy (LEN and HMAs) for patients with MDS.

Methods {#s2}
=======

EMR database {#s2a}
------------

This retrospective analysis was conducted using data from the GE Centricity EMR database, one of the oldest ambulatory EMR systems in the USA.[@R11] The database contains \>100 million patient records from \>1300 installations across 49 US states, both from single-physician offices, as well as large practices and networks. Approximately two-thirds of the \>30 000 participating clinicians are primary-care physicians; the remainder are specialists.

Identification of MDS patient cohort {#s2b}
------------------------------------

An algorithm was developed to reproducibly identify patients with MDS with data in the EMR database between January 2006 and February 2014[@R12] which was inspired by the work of Cogle *et al*.[@R13] As the disease-modifying therapies (LEN and HMAs) were approved by January 2006, this date was selected as the start date for the analysis.

The initial cohort consisted of 9645 patients with ≥1 MDS-specific International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code (online [supplementary table S1](#SP1){ref-type="supplementary-material"}). However, a single occurrence of an MDS-related code in the EMR was deemed inadequate to identify patients with MDS; a single occurrence could involve evaluation for MDS without a confirmed diagnosis. Eligibility criteria were modified to limit inclusion to patients with at least two occurrences of an MDS-related code at two separate visits (n=563) or ≥1 code and treatment with ≥1 disease-modifying therapy for MDS (n=1208), but these approaches were deemed too restrictive. The final algorithm identified patients with MDS by ICD-9-CM codes entered into the EMR on ≥2 occasions, or ≥1 code AND at least one of the following: ≥1 disease-modifying therapy for MDS, ≥2 haemoglobin (Hb) tests, or ≥1 bone marrow procedure. Patients with records indicative of non-MDS diagnosis, such as 'MDS ruled out', were excluded. The final cohort included a total of 5162 patients with MDS ([figure 1](#F1){ref-type="fig"}).
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![Identification of patients with MDS in the GE Centricity EMR database receiving ≥1 treatment of interest. BM, bone marrow; Hb, haemoglobin; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; MDS, myelodysplastic syndromes.](bmjopen-2017-019955f01){#F1}

Only 9% of patients in the initial cohort received transfusions. This percentage is much lower than expected, most likely because transfusions were often given at facilities where data were not captured in the EMR. As transfusion data in the EMR were suspected to be incomplete, transfusions were not included in the analyses.

Evaluation of treatment patterns {#s2c}
--------------------------------

Patients were grouped by the treatment they received: erythropoiesis-stimulating agents (ESAs), LEN, HMAs, or iron chelation therapy (ICT), given either as monotherapy, concurrently or sequentially.

Baseline patient characteristics were summarised for each treatment group. Baseline laboratory data were based on tests conducted between 60 days before and 7 days after the onset date---the date that the first MDS-specific ICD-9-CM code appeared in the EMR database for each patient. Cytopenias were derived from Hb levels, absolute neutrophil count (ANC) and platelet count data, using the first available test result collected between 60 days before and 7 days after the onset date. Baseline patient characteristics were similar among different treatment groups.

A sensitivity analysis was performed to examine the robustness of the results and the impact of follow-up duration on outcomes. Given that the median duration of follow-up in the EMR system was short (29 days), results were evaluated in two cohorts of patients with longer follow-up in the EMR system (≥6 months and ≥12 months) to examine whether the duration of follow-up influenced treatment patterns.

Ascertainment of patient characteristics that affected time to disease-modifying therapy {#s2d}
----------------------------------------------------------------------------------------

Bivariate and multivariable Cox proportional hazard regression analyses were used to evaluate factors affecting the time to disease-modifying therapy measured from the onset date. Patients who did not receive disease-modifying therapy were censored as of their last visit. Various factors were analysed for their impact on the time to disease-modifying therapy: gender, race, age at diagnosis, geographic area (Midwest, Northeast, South, West, provided within GE Centricity data), baseline Hb, use of supportive care (including haematopoietic growth factors, ICT and transfusions, if reported), insurance type, selected comorbidities (diabetes (type 1, 2 and diabetes insipidus), acute and chronic renal diseases, and acute and chronic vascular diseases, obtained from patients' medical history), and year of diagnosis. Online [supplementary tables S1--S5](#SP1){ref-type="supplementary-material"} show a full list of ICD-9-CM codes used to identify comorbidities included in this study. All covariates with p\<0.1 in a bivariate model were included in a multivariable analysis, where a set of independently significant predictors (p\<0.05) was identified through a score based on variable selection processes.

To improve interpretability of the results, some quantitative variables, such as time to event or Hb level, were used in the analyses as continuous variables while others were categorised. In particular, time to diagnosis was converted into a categorical variable before being used in the analysis.

Patient and public involvement {#s2e}
------------------------------

As this was a retrospective analysis of an EMR system, patients were not involved in the development, design or conduct of the study.

Results {#s3}
=======

Patterns of treatment {#s3a}
---------------------

Of the 5162 patients with MDS included, 1843 (35.7%) patients received 1 therapy of interest, 2079 (40.3%) received ≥1 therapy and 236 (4.6%) received ≥2 therapies. No treatment of interest was registered for 3083 patients (59.7%). Characteristics of patients who received 0, 1, ≥1 and ≥2 therapies are shown in [table 1](#T1){ref-type="table"}.

###### 

Patient characteristics at baseline according to treatment received, showing key treatment groups

                                    Number of treatments   ESA    LEN    HMA     ICT                                                                                                      
  --------------------------------- ---------------------- ------ ------ ------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ -------
  No of patients                    3083                   1843   2079   236     1508   1330   79     68     258    244    14     99     13     252    228    10     100    28     10      6
  Median age, years                 77.0                   73.9   77.0   74.0    78.0   79.0   76.0   73.5   74.0   74.0   70.0   76.0   74.0   75.0   74.0   78.5   73.0   73.0   70.0    75.0
  Median Hb, g/dL                   10.9                   10.1   10.0   9.7     10.1   10.1   9.9    9.9    9.8    9.8    9.2    9.8    9.8    9.6    9.7    9.5    9.8    10.2   9.3     10.6
  Median platelet count, ×10^9^/L   144                    155    153    142.5   177    177    185    138    103    103    71     181    164    72     73     62     107    149    245     282
  Median ANC, ×10^3^/mm^3^          2.7                    3.2    3.2    2.3     3.5    3.6    2.8    1.7    1.7    1.7    0.5    2.5    3.6    1.3    1.3    2.5    1.4    2.7    2.2     9.4
  Comorbidities, %                                                                                                                                                                        
   0                                0                      38     39     47      33     31     48     38     54     55     43     50     46     52     54     40     39     43     70      50
   ≥1                               0                      62     61     53      67     69     52     62     46     45     57     50     54     48     46     60     61     57     30      50

Note: this table does not include all patients; patients may appear in more than one treatment group.

ANC, absolute neutrophil count; ESA, erythropoiesis-stimulating agent; Hb, haemoglobin; HMA, hypomethylating agent; ICT, iron chelation therapy; LEN, lenalidomide.

Sequence of therapies {#s3b}
---------------------

For patients who received ≥1 therapy (n=2079), the sequence of therapies is summarised in [figure 2](#F2){ref-type="fig"}. Only 682 patients (32.7%) received HMAs or LEN during their treatment.

![Treatment patterns for patients with MDS in the GE Centricity EMR database who received ≥1 treatment of interest. Figure is based on key treatment groups and does not include all patients, and patients may appear in more than one group. EMR, electronic medical record; ESA, erythropoiesis-stimulating agent; HMA, hypomethylating agent; ICT, iron chelation therapy; LEN, lenalidomide; MDS, myelodysplastic syndromes.](bmjopen-2017-019955f02){#F2}

The most common first-line therapy was ESAs (n=1508; 72.5% of patients who received any therapy) ([table 1](#T1){ref-type="table"} and [figure 3A](#F3){ref-type="fig"}). These patients had a median age, Hb and ANC levels, and median platelet count of 78.0 years, 10.1 g/dL, 3.5×10^3^/mm^3^ and 177×10^3^/mm^3^, respectively. For most of the ESA-treated patients (88.2%), ESAs were their only treatment for MDS. ESA-only patients were the oldest among treatment groups (median age 79.0 years), had the highest proportion of patients with comorbidities at baseline (69.0%) and most commonly had isolated anaemia. Few patients who were initially treated with ESAs received subsequent treatment with LEN (n=79 (5.2%), median age 76.0 years) or HMAs (n=68 (4.5%), median age 73.5 years) ([figure 3B](#F3){ref-type="fig"}).

![Treatment patterns in all patients, and those in the database for ≥6 months and ≥12 months, respectively: (A) first-line treatments only, (B) patients who received ESA first, (C) patients who received LEN first, (D) patients who received HMAs first, (E) patients who received ICT first. ESA, erythropoiesis-stimulating agent; HMA, hypomethylating agent; ICT, iron chelation therapy; LEN, lenalidomide; mos, months.](bmjopen-2017-019955f03){#F3}

A total of 258 patients (12.4% of those receiving treatment) received LEN as first treatment (median age 74.0 years) ([table 1](#T1){ref-type="table"}). The median Hb and ANC levels, and median platelet count of these patients was 9.8 g/dL, 1.7×10^3^/mm^3^ and 103×10^3^/mm^3^, respectively. Most of these patients treated with LEN (n=244 (95%)) received LEN alone; only 14 (5.7%) received a second therapy (all HMAs) ([figure 3C](#F3){ref-type="fig"}).

A total of 99 patients received LEN as second-line treatment and 13 patients received LEN as third-line treatment. The median age of these patients was 76.0 and 74.0 years, median Hb was 9.8 g/dL and 9.8 g/dL, median ANC was 2.5×10^3^/mm^3^ and 3.6×10^3^/mm^3^, and median platelet count was 181×10^3^/mm^3^ and 164×10^3^/mm^3^, respectively. Of the 99 patients who received LEN as second-line therapy, most (n=79 (80%)) had received ESAs as first-line treatment.

A total of 252 patients (12.1%) received HMAs as first treatment ([table 1](#T1){ref-type="table"}). Median age, Hb and ANC levels, and median platelet count of these patients were 75.0 years, 9.6 g/dL, 1.3×10^3^/mm^3^ and 72×10^3^/mm^3^, respectively. Most patients initially treated with HMAs received no further therapy (n=228 (90.4%)) ([figure 3D](#F3){ref-type="fig"}).

Of the patients receiving HMAs, 100 received them as second-line treatment and 28 as third-line treatment. The median age, Hb and ANC levels, and median platelet count of these patients was 73.0 years (in both groups), 9.8 g/dL and 10.2 g/dL, 1.4×10^3^/mm^3^ and 2.7×10^3^/mm^3^, and 107×10^3^/mm^3^ and 149×10^3^/mm^3^, respectively.

Only 61 patients (2.9%) received ICT as first therapy ([figure 3E](#F3){ref-type="fig"}). Second therapy consisted of LEN in 10 patients and ESAs in 6 patients ([table 1](#T1){ref-type="table"}).

Del(5q) versus non-del(5q) {#s3c}
--------------------------

Patients classified as having del(5q) comprised 1.6% (n=85) of the total patient group (n=5162), with those not classified as del(5q) comprising the remaining 98.4%. The majority of del(5q) patients were female (67.1%) and had median Hb, ANC and platelet counts of 9.4 g/dL, 2.0×10^3^/mm^3^ and 103.0×10^3^/mm^3^, respectively. The majority of patients without del(5q) were male (53.2%) and had median Hb, ANC and platelet counts of 10.5 g/dL, 3.0×10^3^/mm^3^ and 149.0×10^3^/mm^3^ (online [supplementary table S6](#SP1){ref-type="supplementary-material"}). The majority of del(5q) patients received ≥1 therapy (77.6%) and were treated with LEN (60.0%) at some point. In contrast, only 2013 of the 5077 patients (39.6%) with non-del(5q) MDS received ≥1 therapy and only 320 patients (6.2%) were treated with LEN at some point.

As a sensitivity analysis, we evaluated the duration of time for which patients had data in the EMR system. The median time from the date of first entry to date of last entry in the EMR system was 29 days (IQR 1--376). Duration in days was derived from the formula: last date the patient was in the system - onset date +1. Although the database does not provide information on the reason for discontinuation, a short follow-up time for an individual patient might indicate that they were treated by healthcare professionals outside the EMR network. Baseline characteristics of patients who were in the EMR system for ≥6 months (n=1843 (35.7%)) and ≥12 months (n=1324 (25.6%)) are detailed in online [supplementary table S7](#SP1){ref-type="supplementary-material"}. Overall, treatment patterns were similar in patients who were in the EMR system for ≥6 months and ≥12 months ([figure 3A](#F3){ref-type="fig"}).

Factors affecting time to disease-modifying therapy {#s3d}
---------------------------------------------------

A total of 464 patients who received disease-modifying therapy (LEN or HMAs) and had available baseline information were included in the multivariable analysis ([table 2](#T2){ref-type="table"}). A shorter time to disease-modifying therapy was significantly associated with absence of comorbidities, diagnosis after February 2008, lower baseline Hb level, age \<80 years and male gender (p\<0.002 for all). Additional analysis using multivariate logistic regression was performed to identify the predictors for use of disease-modifying therapies (Y/N). The results of this analysis identified gender, age, presence of comorbidities, time from diagnosis date to analysis cut-off and Hb level as significantly associated with probability of disease-modifying therapy, that is, were consistent with the results of the analysis of time to event presented in [table 2](#T2){ref-type="table"}.

###### 

Multivariable analysis of patient characteristics and their association with time to disease-modifying therapy

  ---------------------------------------------------------------------------------------------------
  Baseline characteristic                       Association with time to disease-modifying therapy\
                                                (n=464)
  --------------------------------------------- -----------------------------------------------------
  Comorbidities (absent\* vs present)           HR 1.81 (95% CI 1.48 to 2.22)

  Date of diagnosis (vs before February 2008)   

   February 2008--February 2011\*               HR 2.56 (95% CI 1.80 to 3.64)

   February 2011--February 2014\*               HR 5.18 (95% CI 3.52 to 7.64)

  Hb level (per unit increase†)                 HR 0.78 (95% CI 0.73 to 0.82)

  Age                                           

   \<70\* vs ≥80 years                          HR 1.66 (95% CI 1.28 to 2.15)

   70--79\* vs ≥80 years                        HR 1.49 (95% CI 1.16 to 1.90)

  Sex (male\* vs female)                        HR 1.50 (95% CI 1.23 to 1.84)
  ---------------------------------------------------------------------------------------------------

All predictors had a statistically significant association with the outcome (p\<0.002).

\*Factor associated with shorter time to disease-modifying therapy.

†Patients with a lower Hb level had shorter time to disease-modifying therapy.

Hb, haemoglobin.

Discussion {#s4}
==========

To the best of our knowledge, this is the first time that a cohort of patients with MDS has been identified from a large EMR system using an algorithm. The patients identified in this fashion appeared to have comparable characteristics to patients with MDS reported in the SEER programme. The analysis of this cohort provides several insights into current practice patterns for patients with MDS in the USA.

Patients with MDS in the USA often receive no disease-modifying therapy for their disease, and may be undertreated. Of the 5162 patients included in this analysis, 59.7% received no treatment for MDS and 25.8% received ESAs only. In a survey of 101 haematologists and oncologists published in 2008, 24% of newly diagnosed patients with lower-risk MDS (International Prognostic Scoring System (IPSS) Low/Intermediate-1 (Int-1)) received no therapy ('watch and wait') and an additional 53% received best supportive care (BSC) only (including transfusions and growth factors).[@R9] Similarly, in an EMR database review of 1139 elderly patients with acute myeloid leukaemia (median age 76 years), 43% received BSC only (including transfusions and growth factors) with no antileukaemic therapy.[@R14] An analysis of Medicare/Medicaid records also suggests a third of patients with MDS do not receive any treatment in the first 6 months postdiagnosis.[@R15]

ESAs were the most commonly used therapy in this MDS cohort. ESAs were first-line therapy in 72.5% of treated patients, and 88.2% of the ESA-treated patients received no second-line therapy. This is consistent with results of a physician survey in which 59% of 432 newly diagnosed patients with lower-risk MDS (IPSS Low/Int-1) received ESAs, including 27% who received ESAs without disease-modifying agents.[@R9] Similarly, 58% of the 198 newly diagnosed patients with higher-risk MDS (IPSS Int-2/High) received ESAs, including 6% without disease-modifying agents. Of note, the FDA issued a safety report for ESAs in 2007 which restricted coverage and reportedly led to a 13% decline in ESA use in patients with MDS during 2008.[@R15] This decline was noted from the beginning of August 2007 and so would have had a limited effect on the results of this study which includes data from patients entered into the EMR database between January 2006 and February 2014.

In this analysis, the median age was highest in the subgroup of patients receiving ESAs only (79 years), suggesting reluctance to use disease-modifying agents in older patient groups. This is in concordance with a SEER-based study of HMA use in 4416 patients aged ≥66 years diagnosed with MDS between 2001 and 2005.[@R16] Only 12.1% of patients had received HMAs, and younger patients were more likely to receive HMAs than older patients; this may be confounded by the reduced availability of azacitidine prior to 2004 due to the National Cancer Institute (NCI)-named patient programme. A retrospective analysis of a US claims database (2007--2010), including 3577 patients with MDS, also showed limited use of disease-modifying therapy in patients aged ≥65 years (13%) and decreasing use of disease-modifying therapy with increasing age, regardless of comorbidities.[@R17] Additionally, there is evidence that physicians may be less likely to prescribe ESAs to older patients due to concerns over cost, and long-term efficacy and safety.[@R18]

It is of interest that approved disease-modifying therapies such as LEN and HMAs were used less frequently than ESAs which are not approved for MDS. A minority of patients treated with first-line ESAs went on to receive LEN or HMAs as second-line therapy (5.2% and 4.5% respectively). Multivariable analysis revealed factors associated with a shorter time to initiation of disease-modifying therapy, including younger age, male gender, absence of comorbidity, diagnosis after 2008 and a lower Hb level. Results are consistent with data from the above-mentioned physician survey in newly diagnosed MDS patients, in which 22% of lower-risk and 69% of higher-risk patients received disease-modifying treatments, such as LEN, HMAs or chemotherapy.[@R9]

The main limitation of this study is that data included in the EMR database can be incomplete. The EMR database used in the current study is outside the hospital setting which may result in data gaps; procedures occurring outside the EMR system, such as transfusions, are often unrecorded in the EMR database. To limit this potential bias, transfusions were excluded from the analysis. Furthermore, data from physician notes or patient reports can be hard to anonymise, and are inherently difficult to extract. While we recognise that miscoding is a possibility in any studies using clinical databases, the potential for inclusion of non-MDS patients in this study is minimised through using a highly specific MDS ICD-9-CM code and stringent requirements for Hb tests. Unfortunately, information on IPSS risk category and key variables used to calculate IPSS scores, such as cytogenetic profile and blast count, were unavailable.

When considering treatment patterns in this patient group, it is also important to note that ICT is sometimes administered to RBC transfusion-dependent patients, who may be receiving other therapies. When administered in the MDS setting, ICT has not yet been shown in prospective trials to improve survival or to reduce complications of iron overload/transfusional haemosiderosis.

Despite these potential methodological challenges, we believe this research is meaningful due to the current lack of existing data from a large cohort of patients with MDS in the USA. It is clear from our study that disease-modifying therapies approved for MDS are not used for many patients with MDS in the USA. In contrast, ESAs, which are not approved as a treatment for MDS, were the most commonly used therapy. This suggests that ESAs were used as the primary therapy in patients who had cytopenias other than anaemia; patients often received ESAs as the first and only therapy for MDS. As nearly half of the patients with MDS have another cytopenia besides anaemia, the apparent use of ESAs in these patients seems inadequate to address these multiple cytopenias, given that ESAs only treat the symptoms of anaemia which is only one aspect of how MDS can present. Guidelines for the treatment of MDS suggest ESAs have their place in a broad treatment strategy, tailored for the patient[@R19]; however, some physicians may not take into account serum erythropoietin levels or risk status when prescribing ESAs,[@R20] discontinue ESA therapy before the recommended duration[@R15] and fail to initiate dose reductions in patients who respond,[@R18] suggesting ESAs may be inappropriately prescribed in some cases. Comparatively, the use of LEN and HMAs, therapies that have been approved for the treatment of MDS for more than 10 years, is exceptionally low.

Further investigations are ongoing into how treatment patterns affect outcomes in standard clinical practice using data collected outside the context of an interventional clinical trial, including prospective observational studies, such as the Connect MDS-Acute Myeloid Leukemia Disease Registry (clinicaltrials.gov NCT01688011),[@R21] and The National Myelodysplastic Syndromes Natural History Study, sponsored by the National Heart, Lung, and Blood Institute in collaboration with the NCI (clinicaltrials.gov NCT02775383).
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